Rakhmani SIW, Purwadaria T. 2017. Peningkatan nilai gizi kulit buah kakao yang difermentasi menggunakan Aspergillus spp. dengan dua tingkat urea dan amonium sulfat. JITV 22 (3) Cocoa pod husk is abundant as a waste product of cocoa plantation and potential as feed ingredient but has low nutritional value. To increase the nutritive value of cocoa pod husk (CPH), biological process through solid substrate fermentation using Aspergillus oryzae and Aspergillus niger and addition of two doses (N1 and N2) of nitrogen mixture had been done. The product is Fermented Cocoa Pod Husk (FCPH). Protein content increased from 50 g/kg before fermentation to 133.8 g. kg -1 for N1 for A. niger and 150 g/kg using A. oryzae. True protein were 99.8 and 93.5 g/kg for N1 and N2 treatments (A. niger); 119 and 104.1 g/kg for N1 and N2 treatments (A. oryzae). Aspergillus niger showed a superiority in term of enzymes production when compared to Aspergillus oryzae. Mannanase activy in A. niger fermentation product with N1 dose reached up to 2654 U/g and A.oryzae was 1122 U/g. Dry matter and protein digestibility for A. niger FCPH were 47 and 57% and A. oryzae FCPH were 52 and 62% repectively. Fermentation processed of CPH yield a product that very potential as an alternative feed with higher in protein content and contain mannanase enzyme.
INTRODUCTION
In animal husbandry, the feed comprises the highest expense and appropriate feed quality nutrition is important. Shortage of feedstuff is also one of several factors in animal production in Indonesia, especially since most of feed materials (such as corn and soybean meal) are imported. Therefore, in addition to conventional feed ingredients, uncommon feed ingredients such as of agriculture by-product would be advantage to solve feed insufficiency. Indonesia's cocoa crop is one of the largest estates after palm oil. Indonesian Cocoa plantation (Theobroma cacao L.) area currently is reached 1,745,789 hectares and is largely possessed by smallholders with a total production of 903.092 tons/year (Estate Statistic 2008 -2012 . It will be 695,467 tons of fresh CPH (equivalent to 893,092 dried material) by-product. Waste and byproducts of cocoa fruit itself is more than half of worldwide cocoa production and estimated at 3.53 million tons (World Cocoa Foundation 2010) . Indonesia, including the 20 largest cocoa producing countries and was ranked the 3 rd after Ghana and Ivory Coast. Cocoa pod husks has been investigated as an alternative feed and had been fed without toxic effects to cattle in quantities up to 7 kg per day. For dairy cows, pod meal seems to be comparable in value to corncob meal. Rations containing cocoa pod meal have a lower feed efficiency for beef cattle, but this will be compensated by the larger intake (FAO 2002) . A digestion study with sheep, was carried out to determine the effect of graded dietary cocoa-pod levels between 0 and 75% in feed, the apparent digestibility of cocoa-pod by sheep was also estimated and reported that sheep digested only 23% dry matter and 51% crude protein of the pod (Smith & Adegbola 1985) . Processed-CPH was used as feed material and can replace conventional feed ingredients such as corn and soybean meal and regarded as alternative animal feed (Sobamiwa & Longe 1993; Sobamiwa 1998) .
Biological processes can improve the nutritional composition and utilization of CPH and would be more advantage as feed. Fermentation process using cellulolytic fungi could be used to overcome high crude fiber content in CPH, which is as a constraint factor for direct utilization of CPH especially in poultry diet. Processing CPH had been reported such as CPH-silage (North Sumatera and Lampung provinces), and fermentation process using Aspergillus niger (South Sulawesi and Bali provinces) has done, but there is no detailed information on the nutritional value such as the digestibility, enzymes activities and true protein of the resulting product. It was reported an increase in protein content of 9% to 12% was achieved after fermentation with A. niger (Haryati & Sutikno 1994) .
Fungi such as Aspergillus spp. produce several enzymes which is important to elevate feed digestibility. When CPH was fermented using this fungi, the final product can be fed to livestock without addition of enzymes. It was reported that minerals and inorganic nitrogen can increase cell growth and correlated on enzymes and protein productions in fermentation of cassava by-product using Aspergillus spp (Kompiang 1994) . In this study, an experiment had been done to investigate the nutritive value of fermented CPH product by Aspergillus oryzae and Aspergillus niger. Solid substrate fermentation method was applied to steamed CPH with two levels of ureaammonium sulphate mixtures (0,5% urea + 1% ammonium sulphate and 1% urea+ 2% ammonium sulphate). Proximate composition, cellulolytic enzymes (mannanase and cellulase) activities, dry matter and protein digestibility (in vitro) were also examined in the fermented product.
MATERIALS AND METHODS

Preparation of CPH and Aspergillus inoculums
Fresh CPH were obtained from Nusantara Plantation VIII-Public Company (PTPN VIII) at Rajamandala District-West Java, and processed at the IRIAP. The husks were cleaned, chopped into smaller pieces, solardried to a moisture content of ca. 10% and ground. The dried husk were then stored at room temperature until used. Fungi Aspergillus oryzae GS66 was previously isolated from garlic seed) whereas A. niger was obtained from IRIAP collection. Dried-spore inoculums of A. oryzae and A. niger were prepared by growing the fungi in in cooked-rice substrate for 3-4 days, dried at 40°C, ground and stored at 4ºC (Purwadaria et al. 1994 ).
Substrates and fermentation
Three kind of treatments (C, N1, and N2) were applied. Treatment C as control, substrate+50 g rice bran/Kg. The composition of minerals mixture for 1 kg dried substrate as shown as in Table 1 . Distilled water was first added to the ground dried CPH substrate to make water content of about 60% then steamed for 30 minutes. After cooling to about 40ºC the minerals and 8 g of inoculum were added. The cultures were incubated at room temperature. 
Laboratory analysis
All chemical and digestibility analysis were carried out at the Analytical Services and Feed Technology Laboratories, Indonesian Research Institute for Animal Production. Proximate analysis (Crude protein, fat, fiber, ash), Calcium and Phosphor, Energy and van Soest fiber (NDF, ADF, Lignin) were performed in both optimally fermented and unfermented CPH. Optimum fermentation period was determined based on protein content reached in particular time of incubation and was determined using modified Lowry method (Lowry et al. 1951) .To obtain total protein concentration, 1 ml of 2M NaOH was added to 0.1 g of sample then heated for 30 min at 100ºC. After dilution ten-fold in destilled water, protein concentration was measured by a standard Lowry method using bovine serum albumin (BSA) as a standard.
In vitro rumen-pepsin digestibility
Subsequently, 0.2-0.4 g of experimental samples were weight out in an 100 ml-in vitro tubes, 0.2-0.4 g samples from laboratory standards (grass hay) were added to 2 tubes and 2 tubes were used as blanks for the experiments. In each tube, 25 mL of a RumenMcDougall buffer mixture was added under purging with CO2 and caped tightly with a rubber stopper/gasrelease port. Samples were incubated for 48 h in a water bath at 39°C, followed by further digestion in an acidpepsin solution containing 6.6 g pepsin /L 0.1N hydrochloric acid (Catalog P6887-SIGMA) (25 mL of acid-pepsin solution was added to each tube) for 48 h in water bath at 39°C. All tubes were mixed by swirling (Vortex Mixer) them at 2, 4, 8, and 36 h, after adding the rumen-buffer mixture and at 2, 4, and 6 h after adding acid-pepsin. After completion of the digestion, contents were filtered into pre-weighed standard coarse fritted disk Gooch crucibles (G2) under mild vacuum, dried at 105°C for at least 12 h, weighed for determination of DM. Protein content of in vitro sediment was determined for protein digestibility calculation (Marais & Evenwell 1983) .
True protein analysis
True protein was measured according Marais & Evenwell (1983) by TCA-precipitation with slightly modification. Sample was finely ground and weight out (0.5-1 g) into a 50 ml tube with caped, add 15 ml of water and incubate 10 min in a boiling water-bath, cooled and added 15 ml of 10% TCA and then shake in a medium speed using Griffin Flask Shaker for 20 min and then left for an hour at 4°C. Mixture was centrifuged at 3000 rpm for 10 min. The pellet was rinsed twice with 5 ml 1% TCA and protein content of the precipitate was determined.
Enzymes activity
Mannanase activity was measured using locust gum (0.5 g.Kg -1 ) as substrate and followed the procedure as described by PURWADARIA et al. (2003) . Enzymes was extracted from the sample (0.5 g -1 g) with 10 ml of acetate buffer pH 5.8 and mixed for 30 min. The mannanase activity was measured as the amount of reducing sugar released from the substrate. Reducing sugar was determined by using the 3,4-dinitro salicylic acid (DNS) method of Miller (1959) and mannose was used as standard. One unit mannanase activity was defined as the amount of enzyme that required to release 1 μmole of glucose min -1 ml -1 under assay condition Cellulase assays are carried out using the carboxy methyl cellulose (CMC) as substrate. Enzymes solution was obtained by extraction of sample (0.5-1 g) in 25 ml of 0.05 M citrate buffer pH 4.8. The amount of released reducing sugar was quantified using the 3,4-dinitro salicylic acid (DNS) method of MILLER (1959) and glucose was used as standard for determining enzyme activity. One unit of enzyme activity is defined as the amount of enzyme required to release 1 μmole of glucose min -1 ml -1 under assay condition (Miller 1959 ).
Statistical analysis
Data were subjected to a one-way analysis of variance (ANOVA).
RESULTS AND DISCUSSION
Growth of A. niger and A. oryzae on CPH substrate during fermentation period is presented in Table 2 . In the first 24 hours mycelium growth was undetected. Mycelia formation was detected in the 2 nd day of incubation of both Aspergillus niger and A. oryzae along with young spores formation scattered for about 10% that can be observed from the substrate surface. For treatment using lower inorganic nitrogen addition (N1), mycelia formation was tend to be slower than higher inorganic nitrogen treatment (N2).
Mycelia became thick and fungal hyphae had been penetrated and bind the substrate was clear in the third day of incubation and a distinction spores color for both species were detected. It was hard to report the difference between inorganic treatments in term of mycelia formation in this stage and in the next day beyond fermentation period. Mycelia thickness was remained in the fourth day and older spore formation almost completely found in both species. In the 5 th day, spores were found all over the substrate surface.
In every process of fermentation, dry matter loss of the substrate is inevitable. Dry matter loss of CPH during incubation is presented in Figure 1 . In the process, substrate was added water up to 60% water content. It was reported that water holding between 60-65% was suitable for solid substrate fermentation (Chalall 1985; Singhania et al. 2006) . In this experiment we found out that the maximum capacity of water holding for CPH was in the ratio of CPH-water 100 : 120. The water content was 600 g/kg, however, when it was higher than that ratio, water was not held perfectly and was flowing out from the substrate. It was reported that 70% moisture level in the substrate prevents oxygen penetration and facilitates the contamination, whereas the low moisture level inhibits the growth, enzyme activity and accessibility to nutrients (Mekala et al. 2008) . Dry matter loss profiles for both A. niger and A. oryzae were similar, all below 300 g/kg, and for control group (without addition of minerals), DM loss was detected below 150 g/kg. The moisture level of culture medium affects the physiology of the microorganism.
It was a significant increased (P<0.05) in crude protein content of fermented CPH when compared with the control group. The highest protein content in the fermentation product of A. niger was shown in the 4 th day of incubation (Figure 2 ). Protein content in N1 treatment was 133.8 g/kg and N2 treatment 131.9 g/kg statistically not significantly different When CPH was fermented using A. oryzae, the highest protein content was detected at the 3 rd day of incubation (154 g/kg for N1 and 148.8 g/kg for N2). The CP in the A. oryzae FCPH statistically not significantly different between N1 and N2. It had been reported that fungal fermentations on several agro-byproduct such as cassava by-product, coffee husk, corn bran and rice bran have also reported similar increases in protein content (Leifa et al. 2001; Iyayi & Aderolu 2004) . Solid-state fermentation of CPH using Rhizopus stolonifer LAU was reported an increase in CPH protein up to 95% (Lateef et al. 2008) . The increased in protein content of CPH fermented by A. niger and A. oryzae could be due to bioconversion of some of soluble carbohydrates in the substrate into mycelia protein or single cell protein (SCP) by the growing fungus (Iyayi 2004) . It was also reported that the growth and sporulation of the fungus Aspergillus niger is influenced by the level of nitrogen (from ammonium sulfate and urea) in the culture medium (Swe et al. 2009 ). However, in this experiment, in the higher of substrate-nitrogen level (N2) CP was not significantly different as of lower nitrogen level (N1). It showed that nitrogen level that supposed to be used by fungi for growing not necessarily high but in some point it will be efficient. Nitrogen level of N1 treatment showed efficiency in using inorganic fertilizer for fermentation process. It will open an opportunity for using more CPH fermentation product as non-ruminant feed ingredient without worried to urea toxic effect. Total protein analysis with KJELDAHL digestion measures crude protein, where the total nitrogen content of sample is multiplied by 6.25 to express the results on a protein equivalent basis. The total amount of nitrogen in feed/feed ingredient however, comes from both protein and non-protein nitrogen sources. True protein reflects only the nitrogen associated with protein and does not include the nitrogen from non-protein sources. The true protein was lower than crude protein content and shown in Figure 3 . The true protein content in control treatment was between 33.7 and 51.11 g/kg, whereas in fermentation product were 99.8 g/kg and 93.5 g/kg for N1 and N2 treatments respectively (A. niger) and 119.0 g/kg and 104.1 g/kg both for N1 and N2 treatments (A. oryzae) respectively. The true protein content of fermentation products of A. oryzae significantly higher than A. niger in both nitrogen levels. It is important to measure the true protein instead of crude protein due to inorganic nitrogen that was added to boost the growth of fungi in the beginning of fermentation will give inaccurate in crude protein calculation. In this experiment, the non-protein fraction in fermented CPH was calculated between 23 and 30%. Residual inorganic nitrogen is included in this fraction. Inorganic nitrogen such as from ammonium sulfate or urea will affect negatively especially in non-ruminant animals, but ruminant can tolerate urea and is used by rumen microbe for protein synthesis.
Proximate analysis of fermented product is presented in Table 3 . Control treatment was ground CPH, which was not added any mineral mixture and directly fermented using A. niger (AN) and A. oryzae (AO) inoculums respectively. Growth of fungi in control treatment was detected at the 2 nd day of fermentation but for the next day onward the growth was not optimal. The slightly growth of fungi in control batch could explained on increased of crude protein (CP) content of control treatment. The CP content and other data of fermented products from the 3 rd and 4 Rumen-pepsin dry matter digestibility is presented in Figure 4 . It is clearly shown that fermented product of CPH have higher DM digestibility when compared to control. And A. oryzae FCPH both N1 and N2 treatments showed a higher DMD value than A. niger FCPH. The same pattern is also shown for rumenpepsin protein digestibility ( Figure 5 ). Rumen-pepsin protein digestibility of A. oryzae FCPH N1 treatment was closed to the protein digestibility of King grass that was run at the same time as a comparison.
Cocoa pod husks utilization for poultry is constrained by the high content of fiber, including lignin (14% w/w) and non-starch polysaccharides (NSPs) such as hemicellulose (110 g/kg), cellulose (350 g/kg) and pectin (60 g/kg) (Alemawor et al. 2009 ) and need enzyme fortification to increase digestibility. Fermentation using Aspergillus niger showed a superiority in term of mannanase and cellulase enzymes production (Figures 6 and 7 ) when compared to Aspergillus oryzae. Mannanase activy in A. niger FCPH N1 treatment reached up to 2654 U/gDM and A. oryzae FCPH N1 was only 1122 U/gDM. Cellulase activity was lower than mannanase, for AN FCPH N1 treatment reached 1255 U/gDM. Fermentation process increased nutrients composition and digestibility of CPH 
CONCLUSION
The Nutritive value cocoa pod husk can be improved through fermentation using A. niger and A. oryzae. It was an increased in protein content and decreased in fiber fractions (crude fiber, NDF and ADF). Mannanase and cellulase content also contributed for increasing in digestibility. Fermentation product of CPH is very potential as an alternative feed for mitigation in feed shortage.
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